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Experimental and numerical studies were carried out to evaluate the effect of measures to prevent fall of cultural 
properties and art objects during earthquakes. Though the isolation tables and binding strings are widely used to prevent 
fall of small objects, the effect and limitation of the measures are not precisely understood. This paper describes some 
experimenral results and numerical simulations on seismic rocking and falling of test pieces. 
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㸯㸬ࡣࡌࡵ࡟
 
ᩥ໬㈈ࢆᆅ㟈᫬ࡢ㌿ಽ࠿ࡽᏲࡿࡇ࡜ࡣࠊ◚ᦆࢆ㜵࠸࡛ᚋୡ࡟ࡼࡾࡼ࠸ᙧ࡛ᩥ໬ࢆ⥅ᢎࡍࡿࡓࡵ࡟㔜せ࡞ࡇ
࡜࡛࠶ࡿࠋࡋ࠿ࡋࠊ≀యࡢᆅ㟈᫬㌿ಽၥ㢟࡟ࡣࠊእຊࡢ୙☜ᐃᛶ࡟ຍ࠼ࠊ≀య⾲㠃ࡢᒁᡤⓗ࡞ᙧ≧ࡸᗋ㠃࡜
ࡢ᥋ゐ㠃࡟࠾ࡅࡿᦶ᧿➼ࠊ⌮ㄽⓗ࡟ゎỴࡍࡿࡢࡀ㞴ࡋ࠸ⅬࡶከࡃᏑᅾࡍࡿࠋ 
ࡇࢀࡲ࡛ࠊᐙලࡢ㌿ಽ㜵Ṇ 1), 2)ࡸࠊ቎▼ࡢ㌿ಽ⌧㇟ゎ᫂ 3), 4)࡞࡝ࠊᩥ໬㈈௨እࢆᑐ㇟࡜ࡋࡓᐇ㦂ࡸゎᯒࠊ
ㄪᰝࡀᩘከࡃᐇ᪋ࡉࢀ࡚ࡁࡓࠋᩥ໬㈈ࡢ㌿ಽ㜵Ṇ࡟㛵ࡋ࡚ࡶࠊ⨾⾡㤋ࡸ༤≀㤋ࡢᒎ♧≀ࢆᑐ㇟࡜ࡋ࡚ᐇ㦂ࡸ
ゎᯒࡀ⾜ࢃࢀ࡚ࡁࡓࡀ 5)㹼7)ࠊ୺࡟ච㟈໬࡟╔┠ࡋࡓ◊✲ࡀከࡃࠊᐇ㝿࡟ࡶච㟈స⏝ࢆ⪃៖ࡋࡓ㌿ಽ㜵Ṇᑐ⟇
ࡀ᪋ࡉࢀࡿࡇ࡜ࡀከ࠸ࠋ 
᪥ᮏ࡛ࡶࠊᅜᐆ➨୍ྕ࡛࠶ࡿி㒔ᗈ㝯ᑎࡢᘺີ⳶⸃ീࢆࡣࡌࡵ࡜ࡋ࡚ࠊከࡃࡢᩥ໬㈈ࡸ⨾⾡ᕤⱁရࡀච㟈
ྎࡢୖ࡟Ᏻ⨨ࡉࢀࡿࡼ࠺࡟࡞ࡗ࡚ࡁࡓࠋࡋ࠿ࡋࠊࡑࡢຠᯝࢆ᳨ドࡍࡿࡢ࡟౑ࢃࢀ࡚࠸ࡿࡢࡣࠊ1995 ᖺරᗜ
┴༡㒊ᆅ㟈࡟࠾ࡅࡿ⚄ᡞᾏὒẼ㇟ྎグ㘓࡛࠶ࡾࠊ࡯࡜ࢇ࡝၏୍࡜ゝࡗ࡚࠸࠸ᆅ㟈Ἴᙧ࡛࠶ࡗࡓࠋ 
ࡑࡢࡼ࠺࡞≧ἣࡢୗࠊ2004ᖺ᪂₲┴୰㉺ᆅ㟈ࡀⓎ⏕ࡍࡿ࡜ࠊ༑᪥⏫ᕷ༤≀㤋㸦㟈ᗘ 6ᙅ㸧࡛ࡣࠊᒎ♧ࡉࢀ
࡚࠸ࡓ⦖ᩥᘧᅵჾࡢࠊ༙ᩘ௨ୖࡀ◚ᦆࡋࡓࠋࡑࡢ࠺ࡕࠊච㟈ྎୖ࡟⨨࠿ࢀ࡚࠸ࡓᅜᐆࡢⅆ↍ᆺᅵჾ㸦➲ᒣ㑇
㊧ฟᅵ῝㖊ᙧᅵჾ㸧ࡶ㌿ಽࡋ࡚ࡋࡲࡗࡓࠋࡇࡢච㟈ྎࡶࠊ⚄ᡞᾏὒẼ㇟ྎグ㘓࡟ࡣ⪏࠼ࡽࢀࡿᛶ⬟ࢆᣢࡗ࡚
࠸ࡓࠋࡲࡓࠊ㛗ᒸᕷ❧⛉Ꮫ༤≀㤋㸦㟈ᗘ 6 ᙅ㸧࡟࠾࠸࡚ࡶࠊච㟈ྎ࡟タ⨨ࡉࢀ࡚࠸ࡓᅵჾࡀ㌿ಽࡋ࡚࠸ࡿࠋ
ᅵჾࡣࡶ࡜ࡶ࡜୍㒊◚ᦆࡋ࡚ฟᅵࡍࡿࡇ࡜ࡀከࡃࠊட⿣ࡸ◚ᦆࢆಟ᚟ࡍࡿࡇ࡜ࡣྍ⬟࡞ሙྜࡀከ࠸ࡀࠊᩥ໬
㈈ࡸ⨾⾡ᕤⱁရࡢ୰࡟ࡣࠊட⿣ࡸ◚ᦆࢆ㜵ࡄࡇ࡜ࡀ㔜せ࡞≀ࡶ࠶ࡿࠋ 
⚄ᗞࡽࡣ 8)ࠊ᪂₲┴୰㉺ᆅ㟈ࡢ⿕ᐖࢆཷࡅࠊච㟈⿦⨨࡜ࡑࡢ௚ࡢᏳ඲ᑐ⟇࡟ࡘ࠸࡚᣺ືྎᐇ㦂ࢆᐇ᪋ࡋ࡚
࠸ࡿࠋࡇࢀ࡟ࡼࡿ࡜ࠊ஬ᚨࠊࢸࢢࢫࠊᨭᣢᲬࠊ㗽ࡢタ⨨ࡣ᭷ຠ࡛࠶ࡾࠊ≉࡟ಶู࡟సᡂࡋᅛᐃࡋࡓᨭᣢᲬࡣ
࠶ࡽࡺࡿ≧ἣ࡟ᑐᛂྍ⬟ࡔ࡜࠸࠺ࡇ࡜ࠊ஧ḟඖච㟈⿦⨨ࡣỈᖹ᪉ྥࡢᦂࢀ࡟≉࡟᭷ຠࡔ࡜࠸࠺ࡇ࡜ࡀ㏙࡭ࡽ
ࢀ࡚࠸ࡿࠋࡋ࠿ࡋࠊ࠸ࡎࢀࡶタ⨨ࡢ௙᪉࡟☜❧ࡉࢀࡓࡶࡢࡣ࡞ࡃࠊࡑࡢせồᛶ⬟ࡣᚲࡎࡋࡶ᫂ࡽ࠿࡛ࡣ࡞࠸ࠋ
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ࡍ࡭࡚ࡢᩥ໬㈈࡟ࡘ࠸࡚ᐇ㦂ࢆࡍࡿࡇ࡜ࡣ୙ྍ⬟࡛࠶ࡾࠊ࡝ࡢࡼ࠺࡞ලయⓗᑐ⟇ࢆ࡜ࡿࡢ࠿ࡣࠊྛᩥ໬㈈⟶
⌮⪅ࡢุ᩿࡟௵ࡉࢀ࡚࠸ࡿࡢࡀ⌧≧࡛࠶ࡿࠋ 
ࡑࡇ࡛ᮏ◊✲࡛ࡣࠊ᣺ືྎᐇ㦂࡜ᩘ್ゎᯒ࡜࡟ࡼࡾࠊච㟈ྎࡸᅛᐃ⏝ࢸࢢࢫ࡟ᑐࡍࡿᚲせᛶ⬟ࢆ᫂ࡽ࠿࡟
ࡍࡿࡓࡵࡢᇶ♏ⓗ࡞᳨ウࢆ⾜ࡗࡓࠋࡲࡎࠊ᣺ືྎᐇ㦂ࢆ⾜ࡗ࡚ࠊ≀యࡢ㌿ಽᣲືࢆヲ⣽࡟㏣㊧ࡋࠊࡑࢀࢆᩘ
್ゎᯒ࡛෌⌧ࡍࡿࡇ࡜ࢆヨࡳࡓࠋࡲࡔゎỴࡍ࡭ࡁၥ㢟ࡣከࡃṧࡗ࡚࠸ࡿࡀࠊࡇࡇ࡛ࡣ⌧≧ሗ࿌ࢆ⾜࠺ࠋ 
 
㸰㸬᣺ືྎᐇ㦂
 
㸦㸧ᐇ㦂᪉ἲ 
ᑐ㇟࡜࡞ࡿ౪ヨయ࡟ࡣࠊ௨ୗࡢ㌿ಽ㜵Ṇ⟇ࢆ⏝࠸ࡓࠋ 
ձᑐ㇟≀ࢆච㟈ྎࡢୖ࡟㍕ࡏࡿ 
ղᑐ㇟≀ࢆᨭᣢ⣒㸦ࢸࢢࢫ㸧࡛ᅛᐃࡍࡿ 
ୖグࡢࣃࢱ࣮ࣥ࡟ຍ࠼࡚ࠊ㌿ಽ㜵Ṇ⟇ࢆ᪋ࡋ࡚࠸࡞࠸ሙྜࡢィ㸱ࣃࢱ࣮ࣥ࡟㛵ࡋ࡚ࠊ㸱ḟඖ᣺ືྎᐇ㦂࡛
ᐇ㝿ࡢᣲືࡸຠᯝࢆ☜ㄆࡋ࡞ࡀࡽࠊࡑࡢ᭷ຠᛶ࡟ࡘ࠸࡚ࡢ᳨ウࢆ⾜ࡗࡓࠋ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
⾲㸯 ᐇ㦂ჾලヲ⣽ 
 
౪ヨయ ᑍἲ 91362(cm)ࠊ㔜ࡉ 2.03kgfࡢᮌ〇┤᪉య㸦෗┿㸯㸧 
ච㟈ྎ ᑍἲ 44445(cm)ࠊᰴᘧ఍♫࢚࣮࢚ࢫ〇ࡢ⨾⾡ရᒎ♧⏝ᑠᆺච㟈⿦⨨㸦෗┿㸰㸧 
ᨭᣢ⣒ ࢸࢢࢫ㸦┤ᚄ㸸0.9mm,⪏ຊ㸸383N/ੋ㸧 
᣺ືྎ 1m1mࠊ㟼㟁ᆺ㸱ḟඖྠ᫬ຍ᣺ࠊᰴᘧ఍♫᣺◊㸦෗┿㸱㸧 
࣮ࣔࢩࣙࣥ࢟ࣕࣉࢳ࣮ࣕ⿦⨨ ࣓࢝ࣛ㸰ྎࠊ࣏࢖ࣥࢱ 11ಶࠊᰴᘧ఍♫ࣛ࢖ࣈ࣮ࣛࣜ〇㸦෗┿㸲㸧 
෗┿㸯 ౪ヨయ 
෗┿㸰 ච㟈ྎ 
෗┿㸱 ᣺ືྎ ෗┿㸲 ࣮ࣔࢩࣙࣥ࢟ࣕࣉࢳ࣮ࣕ⏝࣓࢝ࣛ 
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෗┿㸯㹼෗┿㸲࠾ࡼࡧ⾲㸯ࡣࠊᐇ㦂࡛⏝࠸ࡓჾල࡜ࡑࡢヲ⣽࡛࠶ࡿࠋ౪ヨయࡢᑍἲ࡟㛵ࡋ࡚ࠊ㌿ಽࡋࡸࡍ
࠸ࡼ࠺࡟➼౯࡞Ỉᖹ㟈ᗘ 0.2G௨ୗ㸦⣙ 0.14G㸧࡛㌿ಽࡍࡿࡼ࠺࡟ㅖඖࢆタᐃࡋࡓࠋኚ఩ࡢィ ࡟ࡣࠊ⮬⏤࡟
ྎୖࢆ⛣ືࡍࡿ≀యࢆ㠀᥋ゐ࡛ィ ࡍࡿࡓࡵ࡟ࠊ࣮ࣔࢩࣙࣥ࢟ࣕࣉࢳ࣮ࣕ⿦⨨ࢆ฼⏝ࡋࡓࠋࣛ࢖ࢺࢆᙜ࡚࡚
ගࡽࡏࡓ࣏࢖ࣥࢱ㸦౪ヨయࡢゅ㒊࡜ྎୖ࡟タ⨨㸧ࡢ㌶㊧ࢆࠊྠᮇࡋࡓ㸰ྎࡢࣅࢹ࣓࡛࢜࢝ࣛ᧜ᙳࡍࡿࠋࡇࡢ
ᫎീࢆࢥࣥࣆ࣮ࣗࢱ࡟ྲྀࡾ㎸ࡴࡇ࡜࡟ࡼࡗ࡚ࠊ㸱ḟඖ✵㛫࡟࠾ࡅࡿྛ࣏࢖ࣥࢱࡢ఩⨨᝟ሗࢆ᫬ࠎ้ࠎィ⟬ࡋ
࡚⾲♧ࡍࡿࡇ࡜ࡀྍ⬟࡛࠶ࡿࠋ㸦ᅗ㸯㸧 
௒ᅇࡢᐇ㦂࡛ࡣࠊᑐ㇟࡜࡞ࡿ౪ヨయ࡟㌿ಽ㜵Ṇ⟇ࢆ᪋ࡋࡓࡶࡢ㸦ձ࡜ղࡢ㸰ࣃࢱ࣮ࣥ㸧ࠊ᪋ࡋ࡚࠸࡞࠸ࡶ
ࡢࢆ᣺ືྎ࡟ࡼࡗ࡚ᦂࡽࡋࠊࡑࡢᣲືࢆ☜ㄆࡋࡓࠋࡲࡓᐇ㦂࡛ࡣࠊᨭᣢ⣒ࡢྲྀࡾ௜ࡅ᪉࡜ࡋ࡚ࠊ౪ヨయࡢୖ
࡛஺ᕪࡍࡿࡼ࠺࡟ࠊ᣺ືྎࡢᑐゅ⥺᪉ྥ࡟ᨭᣢ⣒ࢆᅛᐃࡋࡓࠋ 
ධຊᆅ㟈ືࡣࠊ㸱ḟඖ᣺ືྎࡢసື⠊ᅖࡢ㒔ྜ࡟ࡼࡾࠊJMA⚄ᡞࡢ 70㸣ࡢຍ㏿ᗘἼᙧࢆ౑⏝ࡋࡓࠋ 
 
㸦㸧ᐇ㦂⤖ᯝ
ۑ㌿ಽ㜵Ṇ⟇ࢆ᪋ࡋ࡚࠸࡞࠸ሙྜ 
౪ヨయࡣ᣺ື㛤ጞ㸱⛊࡯࡝࡛ᑠ้ࡳ࡟㟈࠼ጞࡵࡓᚋࠊ㸯⛊ᚋࡢ᣺ືྎࡢ኱ࡁ࡞ኚ఩࡜࡜ࡶ࡟㌿ಽࡋࡓࠋ 
ۑච㟈ྎ࡟ࡼࡿ㌿ಽ㜵Ṇ⟇ࢆ᪋ࡋࡓሙྜ 
౪ヨయࡣ᣺ື㛤ጞ㸲⛊࠶ࡓࡾࡲ࡛ࠊ㌿ಽ㜵Ṇ⟇ࢆ᪋ࡋ࡚࠸࡞࠸ሙྜ࡟ぢཷࡅࡽࢀࡓᑠ้ࡳ࡞㟈࠼ࡣ↓࠿
ࡗࡓࠋࡑࡢᚋ᣺ືྎࡢ኱ࡁ࡞ኚ఩࡟క࠸ච㟈ྎୖ࡛ࡢࣟࢵ࢟ࣥࢢ⌧㇟ࡣ☜ㄆ࡛ࡁࡓࡀࠊᐇ㦂⤊஢ࡲ࡛࡟㌿
ಽࡍࡿࡇ࡜ࡣ↓࠿ࡗࡓࠋ 
ۑᨭᣢ⣒࡟ࡼࡿ㌿ಽ㜵Ṇ⟇ࢆ᪋ࡋࡓሙྜ 
౪ヨయࡣ᣺ື㛤ጞ㸱⛊࡯࡝࡛ࠊ㌿ಽ㜵Ṇ⟇ࢆ᪋ࡋ࡚࠸࡞࠸ሙྜ࡜ྠᵝ࡟ᑠ้ࡳ࡟㟈࠼ጞࡵࡓ.ࡑࡢᚋ᣺ື
ྎࡀ኱ࡁࡃኚ఩ࡋࡓ㝿࡟ࠊᅛᐃࡉࢀ࡚࠸࡞࠸౪ヨయࡢୗ㒊ࡀഹ࠿࡟ື࠸ࡓࡶࡢࡢࠊᚋࡣ᣺ືྎ࡟ᅛᐃࡉࢀ
ࡓ≧ែ࡛㌿ಽࡏࡎ࡟⤊஢ࡋࡓࠋ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ᅗ㸰ࠊᅗ㸱ࠊᅗ㸲ࡣࡑࢀࡒࢀ㌿ಽ㜵Ṇ⟇ࢆ᪋ࡋ࡚࠸࡞࠸ሙྜࡢ᣺ືྎ࠾ࡼࡧ౪ヨయࡢ㔜ᚰ఩⨨ࡢᣲືᒚṔࠊ
ච㟈ྎ࡟ࡼࡿ㌿ಽ㜵Ṇ⟇ࢆ᪋ࡋࡓሙྜࡢ᣺ືྎ࡜ච㟈ྎ࠾ࡼࡧ౪ヨయࡢ㔜ᚰ఩⨨ࡢᣲືᒚṔࠊᨭᣢ⣒࡟ࡼࡿ
㌿ಽ㜵Ṇ⟇ࢆ᪋ࡋࡓሙྜࡢ᣺ືྎ࠾ࡼࡧ౪ヨయࡢ㔜ᚰ఩⨨ࡢᣲືᒚṔࢆࠊỈᖹ᪉ྥ࡟ࡘ࠸࡚ࡢࡳࣉࣟࢵࢺࡋ
ࡓࡶࡢ࡛࠶ࡿࠋ 
ᅗ㸰࡛ࡣࠊ᣺ືྎࡀ኱ࡁࡃኚ఩ࡍࡿࡼࡾ๓࡟౪ヨయࡀ㌿ಽࡋ࡚ࡋࡲࡗࡓࡓࡵࠊ㏵୰࠿ࡽ㔜ᚰ఩⨨ࡔࡅࡀ኱
ࡁࡃኚ఩ࡋ࡚ࡋࡲࡗ࡚࠸ࡿࠋ 
ᅗ㸱࡛ࡣࠊ౪ヨయࡣ᣺ືྎࡼࡾࡶ඲యⓗ࡟⊃࠸⠊ᅖࡢ୰࡛ື࠸࡚࠸ࡿࡇ࡜ࡀ☜ㄆ࡛ࡁࡿࠋ౪ヨయ࡜ච㟈ྎ
ᅗ㸰 ㌿ಽ㜵Ṇ⟇࡞ࡋࡢሙྜࡢᣲື ᅗ 1 ࣮ࣔࢩࣙࣥ࢟ࣕࣉࢳ࣮ࣕ࡟ࡼࡿᣲືࡢᒚṔ 
౪ヨయ 
ච㟈ྎ 
᣺ືྎ 
㻙㻡
㻜
㻡
㻝㻜
㻝㻡
㻞㻜
㻞㻡
㻙㻡㻜 㻙㻠㻜 㻙㻟㻜 㻙㻞㻜 㻙㻝㻜 㻜 㻝㻜
㼄᪉ྥኚ఩㻔㼏㼙㻕
㼅᪉
ྥ
ኚ
఩
䠄㼏
㼙䠅
᣺ືྎ
౪ヨయ
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ࡢᣲືࡣ࡯ࡰ୍⮴ࡋ࡚࠾ࡾࠊ౪ヨయࡣච㟈ྎୖࢆ⛣ືࡋ࡚࠸࡞࠸ࡇ࡜ࡀ☜ㄆ࡛ࡁࡿࠋࡲࡓ┤๓࡟ື࠸࡚࠸ࡓ
᪉ྥ࡜㏫ࡢ᪉ྥ࡬ືࡃ㝿࡟ࠊ౪ヨయࡣ᣺ືྎࡼࡾࡶࢩ࣮ࣕࣉ࡞෇ࢆᥥࡃࡼ࠺࡟ືࡃഴྥࡀぢࡽࢀࡿࠋ 
ᅗ㸲࡛ࡣࠊ౪ヨయࡣ᣺ືྎ࡜࡯ࡰྠࡌᣲືࢆᥥ࠸࡚࠸ࡿࡇ࡜ࡀ☜ㄆ࡛ࡁࡿࠋࡇࢀࡣᨭᣢ⣒࡟ࡼࡾ౪ヨయࡀ
᣺ືྎ࡟ࡋࡗ࠿ࡾ࡜ᅛᐃࡉࢀ࡚࠸ࡿࡓࡵ࡛࠶ࡾࠊᨭᣢ⣒ࡢᙇຊࡀ౪ヨయ࡟స⏝ࡍࡿ័ᛶຊࡼࡾࡶ኱ࡁ࠸ࡓࡵ
࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
㸱㸬ᩘ್ゎᯒ
 
㸦㸧ゎᯒࢣ࣮ࢫ 
ゎᯒ࡟㛵ࡋ࡚ࡣࠊᕷ㈍ࡢỗ⏝ᵓ㐀ゎᯒࢯࣇࢺ࢙࢘࢔ LS-DYNA㸦CTC ࢯ࣮ࣜࣗࢩࣙࣥࢬ㸧ࢆ౑⏝ࡋࠊᑐ㇟
≀ࢆᐇᑍ್࡟タᐃࡋࡓࠋ㸦ᅗ㸳㸧ࡲࡓゎᯒࢆ⾜࠺࡟࠶ࡓࡾࠊ౪ヨయ̿ච㟈ྎ㛫ࡢᦶ᧿ಀᩘࡸᨭᣢ⣒ࡢᙎᛶಀ
ᩘ࡞࡝ࡢྛࣃ࣓࣮ࣛࢱ࡟㛵ࡋ࡚ࡣࠊ஦๓࡟ ᐃࢆ⾜ࡗ࡚ᚓࡽࢀࡓ್㸦⾲㸰㸧ࢆ⏝࠸ࡓࠋ 
౪ヨయࠊච㟈ྎ࠾ࡼࡧᆅ┙࡟㛵ࡋ࡚ࡣࠊ඲࡚๛య࡜ࡋ࡚ࣔࢹࣝ໬ࡋࠊ༢఩య✚㔜㔞➼ࡢᮦᩱ≉ᛶࢆヲ⣽࡟
タᐃࡍࡿࡇ࡜࡛ࠊ༊ูࡋࡓࠋ 
ᐇ㦂ྠᵝ࡟㌿ಽ㜵Ṇ⟇࡞ࡋࡢሙྜ࡜ࠊ㌿ಽ㜵Ṇ⟇ࢆ᪋ࡋࡓሙྜ㸦㸰ࣃࢱ࣮ࣥ㸧ࡢィ㸱ࣃࢱ࣮ࣥ࡟ࡘ࠸࡚ゎ
ᯒࢆ⾜ࡗࡓࠋ࡞࠾ࠊධຊᆅ㟈ືࡣᐇ ್࡜ࡢẚ㍑ࡢࡓࡵ࡟ࠊᐇ㦂᫬࡜ྠᵝࡢ JMA ⚄ᡞࡢ 70㸣ࡢຍ㏿ᗘἼᙧ
ࢆ౑⏝ࡋࡓࠋ 
 
⾲㸰 ゎᯒ࡟⏝࠸ࡓᐇ ࣃ࣓࣮ࣛࢱ 
 
౪ヨయ̿᣺ືྎ㛫ࡢᦶ᧿ಀᩘ 0.44 
౪ヨయ̿ච㟈ྎ㛫ࡢᦶ᧿ಀᩘ 0.99 
ᨭᣢ⣒ࡢᙎᛶಀᩘ 1000㹌㸭ੋ 
ච㟈ྎࡢᅛ᭷࿘ᮇ 2.3sec 
 
㸦㸧ゎᯒ⤖ᯝ
ۑ㌿ಽ㜵Ṇ⟇ࢆ᪋ࡋ࡚࠸࡞࠸ሙྜ 
౪ヨయࡣ᣺ື㛤ጞ 1 ⛊ᚋ࠶ࡓࡾ࠿ࡽࣟࢵ࢟ࣥࢢࢆጞࡵࡿࡀࠊࡑࡢᚋ㌿ಽࡍࡿࡇ࡜࡞ࡃᆅ┙ୖࢆ⁥ࡿࡼ࠺
࡟ືࡁᅇࡾࠊ౪ヨయ⮬యࡀ࠶ࡲࡾഴࡃࡼ࠺࡞ࡇ࡜ࡣ↓࠿ࡗࡓࠋ 
ۑච㟈ྎ࡟ࡼࡿ㌿ಽ㜵Ṇ⟇ࢆ᪋ࡋࡓሙྜ 
౪ヨయࡣ᣺ື㛤ጞ┤ᚋ࠿ࡽࠊᚎࠎ࡟ච㟈ྎࡢୖࢆ⁥ࡿࡼ࠺࡟⛣ືࡋጞࡵࠊ᣺ື㛤ጞ㸲⛊ᚋ࡟ࡣච㟈ྎ࠿
ᅗ㸱 ච㟈ྎࢆ⏝࠸ࡓሙྜࡢᣲື ᅗ㸲 ᨭᣢ⣒ࢆ⏝࠸ࡓሙྜࡢᣲື 
㻙㻝㻡
㻙㻝㻜
㻙㻡
㻜
㻡
㻝㻜
㻝㻡
㻞㻜
㻙㻞㻜 㻙㻝㻡 㻙㻝㻜 㻙㻡 㻜 㻡 㻝㻜
㼄᪉ྥኚ఩䠄㼏㼙䠅
㼅᪉
ྥ
ኚ
఩
䠄㼏
㼙䠅
᣺ືྎ
౪ヨయ
ච㟈ྎ
㻙㻝㻡
㻙㻝㻜
㻙㻡
㻜
㻡
㻝㻜
㻝㻡
㻞㻜
㻙㻞㻜 㻙㻝㻡 㻙㻝㻜 㻙㻡 㻜 㻡 㻝㻜
㼄᪉ྥኚ఩䠄㼏㼙䠅
㼅᪉
ྥ
ኚ
఩
䠄㼏
㼙䠅
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ࡽ㌿ⴠࡍࡿࡼ࠺࡞ᣲືࢆ♧ࡋࡓࠋ 
ۑᨭᣢ⣒࡟ࡼࡿ㌿ಽ㜵Ṇ⟇ࢆ᪋ࡋࡓሙྜ 
౪ヨయࡣ᣺ື㛤ጞ┤ᚋࡣ࠶ࡲࡾᛴ⃭࡞ືࡁࢆ♧ࡉࡎࠊ㸵⛊࠶ࡓࡾ࠿ࡽ⣒࡛ᅛᐃࡋ࡚࠸࡞࠸౪ヨయᗏ㒊ࡀ
⁥ࡿࡼ࠺࡞ືࡁࢆぢࡏࠊᚎࠎ࡟౪ヨయࡀഴ࠸࡚࠸ࡁ 10⛊㎶ࡾ࡛ࡣ࡯ࡰ㌿ಽࡋ࡚࠸ࡓࠋ 
ᅗ㸴ࠊᅗ㸵ࠊᅗ㸶ࡣࡑࢀࡒࢀ㌿ಽ㜵Ṇ⟇ࢆ᪋ࡋ࡚࠸࡞࠸ሙྜࡢ᣺ືྎ࠾ࡼࡧ౪ヨయࡢ㔜ᚰ఩⨨ࡢᣲືᒚṔࠊ
ච㟈ྎ࡟ࡼࡿ㌿ಽ㜵Ṇ⟇ࢆ᪋ࡋࡓሙྜࡢ᣺ືྎ࡜ච㟈ྎ࠾ࡼࡧ౪ヨయࡢ㔜ᚰ఩⨨ࡢᣲືᒚṔࠊᨭᣢ⣒࡟ࡼࡿ
㌿ಽ㜵Ṇ⟇ࢆ᪋ࡋࡓሙྜࡢ᣺ືྎ࠾ࡼࡧ౪ヨయࡢ㔜ᚰ఩⨨ࡢᣲືᒚṔࢆࠊỈᖹ᪉ྥ࡟ࡘ࠸࡚ࡢࡳࣉࣟࢵࢺࡋ
ࡓࡶࡢ࡛࠶ࡿࠋ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ᅗ㸴࡛ࡣࠊ᣺ື㛤ጞ㸯⛊࠶ࡓࡾ࠿ࡽ౪ヨయࡀࣟࢵ࢟ࣥࢢࢆጞࡵࠊࡑࡢᚋ࠶ࡿ᪉ྥ࡟ᆅ┙ୖࢆ⁥ࡿࡼ࠺࡟ື
࠸࡚࠸ࡓࡓࡵࠊᆅ┙࡜ࡣ␗࡞ࡗࡓືࡁࢆ♧ࡋࡓࠋ 
ᅗ㸵࡛ࡣࠊච㟈ྎࡀᆅ┙⮬యࡢᣲືࡼࡾࡶ࠿࡞ࡾ኱ࡁ࡞ኚ఩ࢆࡋ࡚࠸ࡿ஦ࡀ☜ㄆ࡛ࡁࡿࠋࡇࢀ࡟క࠸ᆅ㟈
ືࡀస⏝ࡋጞࡵ࡚ 4⛊࡯࡝࡛ࠊච㟈ྎୖࡢ౪ヨయࡣᆅ┙ࡢୖ࡟㌿ಽࡋ࡚ࡋࡲࡗࡓࠋࡇࢀࡣච㟈ྎࡢኚ఩㔞࡜
㏿ᗘࡀ኱ࡁ࠿ࡗࡓࡇ࡜ࡀࠊ㌿ಽࡢཎᅉ࡜ࡋ࡚⪃࠼ࡽࢀࡿࠋࡲࡓࠊච㟈ྎࡢ఩⨨ࢆ᚟ඖࡉࡏࡿࡓࡵ࡟タࡅࡓࡤ
ࡡࡀ᝿ᐃ௨ୖ࡟ᙉࡃാ࠸࡚ࡋࡲࡗࡓ஦ࡶཎᅉ࡜ࡋ࡚⪃࠼ࡽࢀࡿࠋ 
ᅗ㸳 ゎᯒࣔࢹࣝ౛㸦ච㟈ྎ౑⏝㸧 ᅗ㸴 ㌿ಽ㜵Ṇ⟇࡞ࡋࡢሙྜࡢᣲື 
ᅗ㸶 ᨭᣢ⣒ࢆ⏝࠸ࡓሙྜࡢᣲື ᅗ㸵 ච㟈ྎࢆ⏝࠸ࡓሙྜࡢᣲື 
౪ヨయ 
ච㟈ྎ 
᣺ືྎ 
㻙㻟㻜
㻙㻞㻜
㻙㻝㻜
㻜
㻝㻜
㻞㻜
㻟㻜
㻠㻜
㻙㻟㻜 㻙㻞㻜 㻙㻝㻜 㻜 㻝㻜 㻞㻜
㼄᪉ྥኚ఩㻔㼏㼙㻕
㼅᪉
ྥ
ኚ
఩
㻔㼏㼙
㻕
᣺ືྎ
౪ヨయ
ච㟈ྎ
㻙㻞㻡
㻙㻞㻜
㻙㻝㻡
㻙㻝㻜
㻙㻡
㻜
㻡
㻝㻜
㻝㻡
㻞㻜
㻙㻡㻜 㻙㻠㻜 㻙㻟㻜 㻙㻞㻜 㻙㻝㻜 㻜 㻝㻜 㻞㻜
㼄᪉ྥኚ఩㻔㼏㼙㻕
㼅᪉
ྥ
ኚ
఩
㻔㼏㼙
㻕
᣺ືྎ
౪ヨయ
㻙㻝㻜
㻙㻡
㻜
㻡
㻝㻜
㻝㻡
㻞㻜
㻙㻝㻡 㻙㻝㻜 㻙㻡 㻜 㻡 㻝㻜 㻝㻡 㻞㻜
㼄᪉ྥኚ఩㻔㼏㼙㻕
㼅᪉
ྥ
ኚ
఩
㻔㼏㼙
㻕
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ᅗ㸶࡛ࡣࠊ᣺ື㛤ጞ࡜ྠ᫬࡟౪ヨయࡀࣟࢵ࢟ࣥࢢࢆጞࡵࡓᚋࠊ౪ヨయᗏ㒊ࡀ࠶ࡿ᪉ྥ࡟⁥ࡾጞࡵࡓࠋࡋ࠿
ࡋࠊ౪ヨయୖ㒊ࡣᨭᣢ⣒࡛ᅛᐃࡉࢀ࡚࠸ࡿࡓࡵࠊ౪ヨయࡢᗏ㒊࡜ẚ㍑ࡍࡿ࡜ึᮇࡢ఩⨨࠿ࡽ኱ࡁࡃࡣኚ఩ࡣ
ࡋ࡞࠿ࡗࡓࠋ୍᪉ࠊ౪ヨయᗏ㒊ࡣᆅ┙ୖࢆ኱ࡁࡃ⛣ືࡋ࡚࠸ࡓⅭࠊࡑࢀ࡟క࠸㔜ᚰ఩⨨ࡣ኱ࡁࡃኚ఩ࡋ࡚࠸
ࡿࡇ࡜ࡀ☜ㄆ࡛ࡁࡿࠋ⤖ᯝ࡜ࡋ࡚౪ヨయࡀ㌿ಽࡋࡓࠋ 
 ௨ୖࡼࡾ⪃࠼ࡽࢀࡿࡢࡣࠊ౪ヨయ࡜ච㟈ྎ࣭ᆅ┙࡜ࡢ᥋ゐࡀୖᡭࡃࣔࢹࣝ໬ฟ᮶࡚࠸࡞࠸ྍ⬟ᛶࡀ࠶ࡿ஦
࡛࠶ࡿࠋ᥋ゐ࡟㛵ࡋ࡚ࡣࠊ࣌ࢼࣝࢸ࢕࣮ἲ࡟ࡼࡿ㸰᪉ྥฎ⌮㸦ᑐ⛠ฎ⌮㸧ࢆ⾜ࡗ࡚࠸ࡿࡀࠊච㟈ྎࡸᆅ┙࡟
ᅇ㌿㐠ືࢆ㉳ࡇࡉࡏ࡞࠸ࡓࡵ࡟ᗄࡘ࠿ࡢᣊ᮰᮲௳ࢆタᐃࡋ࡚࠾ࡾࠊࡑࡢస⏝࡟ࡼࡗ࡚ఏ࠼ࡽࢀࡿ࡭ࡁ᥋ゐຊ
ࡀኚືࡋ࡚࠸ࡿྍ⬟ᛶࡀ࠶ࡿࠋࡲࡓࠊච㟈ྎࡢῶ⾶್ࡸ᥋ゐ᫬ࡢ཯᧕ಀᩘ࡞࡝ࠊᐇ㦂ᣲືࢆ෌⌧࡛ࡁࡿࡼ࠺
ㄪᩚࡋ࡞ࡅࢀࡤ࡞ࡽ࡞࠸ࣃ࣓࣮ࣛࢱࡀ࠶ࡾࠊ௒ᚋࡢࡉࡽ࡞ࡿ᳨ウࢆせࡍࡿࠋ 
 
㸲㸬⤖ㄽ
 
ϸ㸧ᐇ㦂࡛ࡣ㌿ಽ㜵Ṇ⟇ࢆ᪋ࡉ࡞࠸ሙྜࠊᑐ㇟࡜࡞ࡿ౪ヨయࡣ⡆༢࡟㌿ಽࡋ࡚ࡋࡲ࠺ࠋ 
Ϲ㸧ᐇ㦂࡟࠾࠸࡚ࡣ JMA ⚄ᡞࡢ 70㸣ࡢᆅ㟈ື࡟ᑐࡋࠊච㟈ྎ࠾ࡼࡧᨭᣢ⣒࡟ࡼࡿ㌿ಽ㜵Ṇἲࡣࠊࡑࢀࡒࢀ
༢⊂࡛ࡑࡢຠᯝࢆ☜ㄆࡍࡿࡇ࡜ࡀ࡛ࡁࡓࠋ 
Ϻ㸧ゎᯒ࡛ࡣᐇ㦂ࡢሙྜ࡜␗࡞ࡾࠊ㌿ಽ㜵Ṇ⟇ࢆ᪋ࡋ࡚࠸࡞࠸ሙྜࡢࡳ㌿ಽࡋ࡞࠿ࡗࡓࠋ 
ϻ㸧ゎᯒࡢ⤖ᯝࢆᑟ࠸ࡓཎᅉ࡜ࡋ࡚ࠊᦶ᧿ಀᩘࢆࡣࡌࡵ࡜ࡍࡿྛࣃ࣓࣮ࣛࢱࡢタᐃࡀ୙༑ศ࡛࠶ࡗࡓࡶࡢ࡜
⪃࠼ࡽࢀࡿࠋ 
௒ᚋࠊ౪ヨయࡢᛂ⟅ຍ㏿ᗘ࠾ࡼࡧᨭᣢ⣒࡟᥃࠿ࡿᙇຊࢆィ ࡋ࡚ࠊᨭᣢ⣒࡟ᚲせ࡞᮲௳ࢆ᫂ࡽ࠿࡟ࡋ࡚࠸
ࡃணᐃ࡛࠶ࡿࠋࡲࡔヲ⣽࡞⤖ㄽࡣᚓࡽࢀ࡚࠸࡞࠸ࡀࠊࡇࢀࡲ࡛ࡢ᳨ウ࡛ࡣࠊ⣒ᅛᐃࢆࡍࡿࡇ࡜࡟ࡼࡾࠊ౪ヨ
యࡢ㖄┤㍈ࡲࢃࡾࡢᅇ㌿㐠ືࡀບ㉳ࡉࢀࡿ≧ἣࡀほᐹࡉࢀ࡚࠸ࡿࠋᅇ㌿ゅࡢィ ࡸ⣒ࡢᙇຊ ᐃࢆ㐍ࡵࠊᐃ
㔞ⓗ࡞ホ౯ࢆ⾜࠺ணᐃ࡛࠶ࡿࠋྠ᫬࡟ゎᯒ࡟⏝࠸ࡓࣃ࣓࣮ࣛࢱࢆぢ┤ࡋࠊゎᯒ⮬యࢆᐇ㝿ࡢᣲື࡟㏆࡙ࡅ࡚
࠸ࡃࠋࡑࡢୖ࡛ࠊࡼࡾከࡃࡢࢣ࣮ࢫࢫࢱࢹ࢕ࢆ⾜࠺ᚲせࡀ࠶ࡿ࡜⪃࠼࡚࠸ࡿࠋ
 
ㅰ㎡㸸᪂₲┴୰㉺ᆅ㟈࡟ࡼࡿᩥ໬㈈ࡢ⿕ᐖ࡟ࡘ࠸࡚ࠊ㛗ᒸᕷ❧⛉Ꮫ༤≀㤋ࡢᑠ⇃༤ྐẶ࡜㫽ᒃ⨾ᰤẶࠊ༑᪥
⏫ᕷ༤≀㤋ࡢⳢ἟ரẶ࡟ࠊヲࡋࡃㄝ᫂ࡋ࡚࠸ࡓࡔ࠸ࡓࠋࡲࡓࠊᐇ㦂࡜ゎᯒ࡟࠾࠸࡚ࡣࠊᙜ᫬❧࿨㤋኱Ꮫ⏕࡛
࠶ࡗࡓ㐍㔝ດẶ࡜ᮧᯇ୓⏤ెẶࡢ༠ຊࢆᚓࡓࠋグࡋ࡚ㅰពࢆ⾲ࡍࡿࠋ 
 
ཧ⪃ᩥ⊩
1) ⩫ᕝ୕㑻࣭బ⸨ಇ᫂㸸1993 ᖺ㔲㊰Ἀᆅ㟈࡛ࡢ㔲㊰ᕷᙺᡤ࠾ࡼࡧ㔲㊰Ẽ㇟ྎ࡛ࡢᐙලࡢ㌿ಽㄪᰝ㸪᪥ᮏᘓ⠏Ꮫ఍ᵓ㐀
ィㄽᩥ㞟㸪➨ 469ྕ㸪pp.53-60㸪1995ᖺ 3᭶㸬 
2) బ఑⌶☻࣭ᐑᓮᾈᚨ࣭ᒣᮏ᫭ྖ࣭⩫ᕝ୕㑻㸸ᆅ㟈᫬ࡢᐙ㈈⿕ᐖண ࡟㛵ࡍࡿ◊✲㸪᪥ᮏᘓ⠏Ꮫ఍ᵓ㐀ィㄽᩥ㞟㸪➨
517ྕ㸪pp.45-51㸪1999ᖺ 3᭶㸬 
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